This paper describes the in vitro eŠect of conjugated linoleic acid (CLA) on fatty acid biosynthesis. Among the rat liver enzymes involved in fatty acid biosynthesis, fatty acid synthetase (FAS) showed the largest activity ‰uctuation with the types of fatty acids. Of the fatty acids, CLA was the most potent inhibitor of FAS, and the 9c, 11t-rather than the 10t, 12c-isomer showed greater inhibition. CLA also signiˆcantly lowered the incorporation of [ 14 C]-acetate into phospholipid in breast cancer cells, supporting the view that CLA inhibits fatty acid biosynthesis through the interaction with FAS.
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Key words: conjugated linoleic acid; fatty acid biosynthesis; fatty acid synthetase; inhibition; cytotoxicity Conjugated linoleic acid (CLA) has been acknowledged to have numerous biological activities; 1 reduction in lipid uptake by adipocytes leading to changes in the body composition; 1,2) 2 inhibition of cell proliferation and induction of death in various cancer cells. 3, 4) Several biochemical mechanisms have been proposed for the physiological eŠect of CLA. CLA was unique in chemical structure and appeared to have speciˆc eŠects on lipid metabolism. 5) It has also been shown that free fatty acids play a role in metabolic control through direct interaction with the enzymes in the pathway. 6) Thus it can be anticipated that CLA modulates lipid metabolism by interaction with the enzyme involved in fatty acid biosynthesis. Despite the wealth of information on physiological eŠects of CLA, no study has focused on the direct interaction of CLA with the enzymes involved in lipid metabolism. Thus this study describes the in vitro eŠect of CLA on enzymes involved in fatty acid biosynthesis. Five enzyme activities were measured using the 20,000×g supernatant of rat liver homogenate as the enzyme source; fatty acid synthetase (FAS), acetyl-CoA carboxylase, glucose-6-phosphate dehydrogenase (G6PDH), ATP citrate lyase, and malic enzyme. Rat liver was homogenized in 0.2 M HEPES (pH 7.4) containing 0.1 mM EDTA and 10 mM mercaptoethanol, centrifuged at 20,000× g for 30 min at 49 C. The activities of acetyl-CoA carboxylase, FAS, malic enzyme, and glucose-6phosphate dehydrogenase (G6PDH) were measured as detailed previously. [7] [8] [9] [10] The activity of ATP-citrate lyase was measured according to the procedure described by Takeda et al. 11) Fatty acids were dissolved in phosphate-buŠered saline containing 0.8z tween-80 (PBS), and added to the reaction mixture to give theˆnal concentration of 0.25 mM. Table 1 summarizes the in vitro eŠects of fatty acids on enzyme involved in fatty acid biosynthesis. PBS denotes the value for the vehicle buŠer. Data are percentages of the control value. Among the enzymes studied, FAS showed the largest activity ‰uctuation with the types of fatty acids. In contrast to FAS, activities of other enzymes were rather unaŠected by the presence of fatty acids. Of the fatty acids, CLA appeared to be the most inhibitory, and 9c, 11tcaused greater inhibition than the 10t, 12c-isomer. Docosahexaenoic acid (DHA) and oleic acid also inhibited FAS but to a lesser extent than CLA. As a whole, unsaturated fatty acids appeared to be rather more inhibitory to FAS than the saturated counterparts.
Several lines of studies have described the inhibition of various enzymes by free fatty acids and proposed a regulatory role in metabolic control. 6, [12] [13] [14] These propositions were challenged by a claim that the inhibitory eŠect was due to the detergent properties of fatty acids. 15) However, the detergent property of fatty acid may have limited signiˆcance in our experiment because the sample fatty acids were dissolved in buŠer containing a detergent, tween-80. Moreover, the vehicle buŠer (PBS containing 0.8z tween-80) itself had only a negligible eŠect on FAS. 
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Inhibition of Fatty Acid Biosynthesis by CLA The FAS inhibition by CLA was similarly noted with the enzyme prepared from human breast cancer cells (SKBR-3), and the inhibition was largely concentration-dependent up to 0.2 mM (data not shown).
The above in vitro observations on CLA were extended, and the eŠects on fatty acid biosynthesis were studied with human cancer cells. SKBR-3 cells were considered to be ideal for these studies because they expresses the highest cellular levels of FAS yet described in human established cell lines. 16) The cells were grown to 80z con‰uence in a 5.3 cm Petri dishes, and then incubated with 0.25 mM fatty acid dissolved in PBS containing 0.8z tween-80 for 2 hours. To this cell culture, was added [ 14 C]-acetate (2.11 MBq W mmol) to give aˆnal concentration of 8.75 mM, and incubated for another 4 hours. On completion of the incubation, cell cultures were scraped, collected by centrifugation at 700×g for 10 min, and extracted with 1 ml of chloroform-methanol (2 W 1, by vol.) at 409 C for 60 min. Total lipids were separated into lipid classes by thin-layer chromatography as described elsewhere, 17) and their radioactivities were measured with a toluene scintillator.
CLA signiˆcantly lowered the incorporation of [ 14 C]-acetate into the phospholipid fraction, showing the inhibition of fatty acid biosynthesis by CLA. A similar trend of the [ 14 C]-labeling proˆle was noted with the free fatty acid fraction. The rate of [ 14 C]-incorporation into lipids was comparable between control and myristic acid treatment. Although the chain length and unsaturation of fatty acid appeared to be a determinant for de novo lipogenesis, no characteristics for the chemical structure have been presented. 18) The eŠect on the FAS mRNA level was studied with the same experimental protocol. The signal intensity of FAS mRNA on a gene chip were 3481, 4439, and 4601 for control, myristic acid, and CLA treatment, respectively. These data suggested that CLA induced no decrease in the FAS expression. It has also been reported that 9c, 11t-CLA had no eŠect on the expression of FAS mRNA level in the liver of Otsuka Long-Evans Tokushima Fatty (OLETF) rats. 19) Although numerous physiological eŠects have been attributed to CLA, no study has focused on the interaction of this fatty acid with FAS. Several biochemical mechanisms have been proposed, and theˆnding in this study may provide an additional rationale for the physiological eŠect of CLA.
The concentration of CLA adopted in this study (0.25 mM) appeared to be rather higher than those applied in previous works (0.05-0.1 mM). Thus it remains to be found whether the current in vitro modulation plays a role in vivo.
